The analysis of radial velocities of the Be star o Cas from spectra taken between 1992 and 2008 at the Ondřejov Observatory and the Dominion Astrophysical Observatory allowed us to reconfirm the binary nature of this object, first suggested by Abt and Levy in 1978, but later refuted by several authors. The orbital parameters of this SB1 system imply a very high mass function of about one solar mass. This in turn leads to a very high mass of the secondary, possibly higher than that of the primary. In order to look for such a massive secondary, o Cas was observed with the Navy Prototype Optical Interferometer, which allowed the binary components to be spatially resolved for the first time. The interferometric observations lead to the detection of a secondary, about 3 mag fainter than the primary. The possible properties of this peculiar binary system and the reasons why the massive secondary does not dominate the optical spectrum are discussed.
Introduction
o Cas (HD 4180, HR 193, BD+47 • 183, HIP 3504) is a bright Be star (V = 4 m .3-4 m .6 var., B5III-IVe, v sin i = 220 km s −1 ). It is also the brighter component of the wide double system WDS 00447+4817 (Mason, Wycoff & Hartkopf, http://ad. usno.navy.mil/wds). This system exhibits little or no orbital motion over the time interval of available observations (separation 32. 8-33. 8), and the fainter component is an 11-mag. star. Spectral variability of o Cas was reported by several authors. A good summary of the historical records of Hα profile changes can be found in Peton (1972) . The Hα emission apparently persisted from the early 1930's to the early 1950's. Hubert-Delplace & Hubert (1979) stated that o Cas was without emission from 1953 to 1959 . Between December 1975 and November 1976 , another emission episode started and continued through the early 1980's (Slettebak & Reynolds 1978; Andrillat & Fehrenbach 1982) . In December 1982 the Hα emission reached an intensity of 2.0 relative to the continuum (Barker 1983) . The Ondřejov spectra, taken since 1992, have shown relatively strong emission in Hα (4.0 to 6.5 times the continuum intensity). This is in accordance with Christian Buil's The spectroscopic Be-stars Atlas 1 . Photometric variability of o Cas was first reported by Haupt & Schroll (1974) . Pavlovski et al. (1997) summarized the observations of o Cas at Hvar from about HJD 2 445 000 to 2 447 900. Hubert & Floquet (1998) Analyzing He I absorption radial velocities (RVs hereafter) from 20 photographic spectra, Abt & Levy (1978) (AL) proposed that o Cas is a single-line spectroscopic binary with an orbital period of 1033 days and an insignificant eccentricity (e = 0.11 ± 0.15). Their finding was confirmed by Elias et al. (1978) . However, Horn et al. (1985) re-analyzed AL's RVs together with a series of high-dispersion photographic spectra secured on two consecutive nights at Rozhen and concluded that they can be better reconciled with a short period of 1.
d 1679, probably identical to the photometric period. Harmanec (1987) collected all available RVs from several sources and showed that they could be folded with various periods and suggested that the star should not be considered a spectroscopic binary. He suspected that the RV curve derived by AL was a manifestation of long-term variations known for a number of other Be stars. Koubský et al. (2004) secured a new series of electronic spectra of o Cas with a good S/N. Measuring RVs of the steep wings of the Hα emission, they demonstrated that the RV variations are strictly periodic and therefore almost certainly due to orbital motion. They found P = 1031 d and e = 0. However, they were unable to explain why the lines of the secondary, probably more massive than the primary (as implied by the high mass function of 0.867 M ), were unobservable. Jancart et al. (2005) analyzed the Hipparcos astrometric data and concluded that o Cas is undoubtedly an astrometric binary. Adopting the AL elliptical-orbit solution, they derived the astrometric orbit with a semi-major axis of 0. 0074 ± 0. 0013 and inclination 107.
• 2 ± 4.
• 3.
Observations and reductions

Spectroscopy
The star was observed in Ondřejov and later also at the Dominion Astrophysical Observatory (DAO hereafter). Altogether, we secured and reduced 442 usable electronic spectra covering the red spectral region around the Hα and He i 6678 lines. We measured RVs on the steep wings of the Hα emission line and also on the outer wings of the He i 6678 absorption line.
We measured the peak intensity of the Hα emission to characterize the long-term changes of the envelope. Additionally, we compiled and analyzed several sets of RVs published by various authors as well as all available records of the peak intensity of the Hα emission. A journal of all RV observations is given in Table 1 . Details on data reduction and on RV and peak-intensity measurements can be found in Appendix A. In the same Appendix, readers can also find Table A.1 with HJDs and individual RVs compiled from the literature, Table A .2 with records of the peak intensity of the Hα emission compiled from the literature and public databases of the Be-star spectra, and Table A.3 with all Hα emission and He i 6678 absorption RVs and the Hα peak intensities measured in the electronic spectra.
Photometry
UBV: photometry has been carried out at Hvar since 1982. The measurements were carefully transformed to the standard Johnson UBV system via non-linear tranformation formulae using the program HEC22 (Harmanec et al. 1994; Harmanec & Horn 1998) . We also used the Hipparcos H p broadband all-sky observations. To be able to combine them with the Hvar observations, we transformed them to the Johnson V magnitudes following Harmanec (1998) . Additionally, we compiled all photometric observations from the literature which either were on or could be transformed to the Johnson UBV system. Basic information on available data sets with known times of observations can be found in Table 2 .
We also compiled all-sky UBV observations without known times of observations, which are summarized in Table 3 . Details on photometric data sets and their reductions and transformations can be found in Appendix B.
Interferometry
The star was observed with the Navy Prototype Optical Interferometer (NPOI) located near Flagstaff, Arizona, during three successive observing seasons in 2005, 2006, and 2007 . The NPOI was described by Armstrong et al. (1998) and measures interference fringe amplitudes and closure phases in 16 spectral channels between 550 nm and 850 nm, on baselines up to 64 m in length on the ground (for the observations reported here). The width of the channels ranges from 3% to 2% of the central wavelength from the red to the blue end of the spectrometer. The closure phase, corresponding to the sum of the visibility phase measured for each baseline in a triangle, is free of atmospheric phase fluctuations. The observations of o Cas were interleaved with a calibrator star, taken from a list maintained at NPOI. The calibrators, together with the values adopted for their uniform disk diameters at 800 nm (estimated uncertainty of 3%) and the predicted squared visibility at 800 nm on a 60 m baseline were κ And (0.37 mas, V 2 = 0.96), μ And (0.69 mas, V 2 = 0.85), and ζ Cas (0.26 mas, V 2 = 0.98). Diameters at other wavelengths were computed based on the appropriate amount of limb darkening. Dates of observation and other relevant information as well as astrometric fitting results discussed further below are listed in Table 4 . The total uv-coverage achieved is shown in Fig. 1 .
The reduction of the NPOI data followed the procedures described by Hummel et al. (1998) , with the only difference that incoherent flux measurements (obtained by offsetting the optical delay lines) were done for each stellar fringe measurement in order to derive more precise estimates of the visibility amplitude bias due to non-Poisson detector statistics. The calibrator Notes. Whenever possible, we estimated at least a range of Julian dates within which the particular observations were secured. Notes. The listed triangles of baselines refer to the astrometric stations E (East), C (Center), W (West), and N (North), and the imaging stations W7 and E6. ρ and θ (measured east from north) refer to the position of the secondary relative to the primary component. σ maj and σ min and PA refer to the major, minor axis, and position angle of the error ellipse of the position measurement. The shape and orientation of this error ellipse is directly related to the synthesized beam.
visibility measurements were smoothed in time with a Gaussian kernel of 80 min in length to interpolate values at the epochs of the o Cas measurements. While the amplitudes of o Cas were thus calibrated by division, closure phases were calibrated by subtraction of the interpolated calibrator phases. We computed calibration uncertainties by the scatter of the calibrator measurements around the smoothed values, and they ranged from 5% to 20% for the amplitudes from the red to the blue end of the spectrometer, while they were typically around one or two degrees for the closure phases. Instead of applying the calibration error to the formal visibility errors, we allowed the mean level of the amplitude on individual baselines to float up or down a few percent to improve the fits (described below). This procedure is based on the observation that channel-to-channel variations of the visibility amplitude are not affected by a calibration error and therefore must be preserved, as they contain calibration independent visibility information.
The image of o Cas shown in Fig. 2 was obtained with standard interferometric phase self-calibration techniques, and shows for the first time the companion. As an example of the calibrated visibilities we obtained, Fig. 3 shows data from 2007 Aug. 9.
Spectroscopic and interferometric-orbit solutions
Radial velocities
Similarly as for some other Be stars, we measured the radial velocity on the steep wings of the Hα emission line comparing the direct and flipped line profiles in the program SPEFO (Horn et al. 1996; Škoda 1996) . Because the Hα emission of o Cas during the time interval covered by our spectra reached peak intensities four to six times higher than the continuum level, these measurements are very accurate. Figure 4 shows a plot of these emission RVs vs. time. One can see a clear periodic pattern of variations but there is also a hint of mild long-term changes. This was confirmed by trial phase plots for the known 1030-d period. Such long-term variations are also known for some other Be stars which were found to be spectroscopic binaries: γ Cas Harmanec 2002 ) may serve as a good example. To cope with this problem, we divided the RVs into five time intervals, each covering not more than about 1000 days, and allowed the program FOTEL for the orbital solution (Hadrava 1990 (Hadrava , 2004 to derive individual mean (systemic) velocities for these subsets. This led to a very good fit (adopting a value of zero for the eccentricity) given as solution 1 in Table 5 . The corresponding orbital RV curve is shown in Fig. 5 and the ephemeris for the 1032-d period reads: Just to demonstrate how accurate our RV measurements of the Hα line are, we subjected the O-C deviations from the orbital solution 1 to a period search over the range of periods from 5000 d down to 0.5 d. The strongest signal was found at a period of 1.
d 2578 which is the period known from photometry prewhitened to compensate the long-term changes. A formal sinusoidal fit for this period is tabulated in Table 6 and the corresponding phase diagram is in Fig. 6 .
As seen in the bottom panel of Fig. 5 value of the orbital period. Regrettably, the lower accuracy and heterogeneity of the published RVs did not allow that. Therefore, we show in Fig. 7 only a phase diagram for our preferred period of 1031. d 55 for all RVs from the literature to demonstrate that these older observations are also in phase with our more recent RV data. Considering the above arguments, our subsequent analysis of binary masses will be based on the orbital solution 1. d 2578 period as defined by ephemeris of Table 6 . It is based on the O-C residuals from the fit to the Hα emission line RVs prewhitened after removal of the long-term changes. See the text for details. Table 5 . 3.2. Interferometric orbit and the basic physical properties of the system
As shown in Fig. 3 , both the relative position of the binary components as well as their magnitude difference can be extracted from the data collected in each night. The astrometric results are reported in Table 4 and were used to fit the inclination i of the orbit, the angle of the ascending node Ω, and the semimajor axis a, adopting the remaining elements from the spectroscopic orbit. This orbit is shown in Fig. 8 . The results were finally confirmed by fitting all component parameters, including their masses, and orbital elements to the interferometric data (reduced χ 2 r = 1.9) and the radial velocities (reduced χ • 0 ± 2.
• 6 Ω (2000.0) 267.
• 3 ± 0.
• 8 Δm the uncertainty of a measurement) using procedures described in Hummel et al. (1998) . If one adopts the original Hipparcos parallax of 0. 00360 ± 0. 00084 (Perryman & ESA 1997) , it is also possible to estimate the individual masses, giving M 1 = 6.9 M and M 2 = 6.3 M , but the uncertainties due to the error of the parallax are rather large. van Leeuwen (2007a) reanalyzed the Hipparcos data and obtained a parallax of 0. 00464 ± 0. 00038 (van Leeuwen 2007b) . This would imply much lower masses of M 1 = 2.4 M and M 2 = 3.8 M for primary and secondary components, respectively. Despite the uncertainties in these values, the conclusion of Koubský et al. (2004) that the companion must have a mass comparable to, or even higher than the much brighter Be primary, remains unaltered. Both determinations of the parallax from the Hipparcos data accounted for the motion of the binary, and resulted in values of the semimajor axis of the orbit of the photo center, a 0 , as well as the inclination and angle of the line of nodes when the remaining elements were adopted from the spectroscopic orbit. While Jancart et al. (2005) published a value of a 0 = 7.4 ± 0.4 mas, we repeated this analysis based on the new Hipparcos reduction by van Leeuwen (2007b) and our new spectroscopic orbit, and confirmed a nearly circular orbit with a 0 = 7.8 ± 0.4, Ω = 275
• , and i = 103
• . These results provide an additional constraint as they can be computed from the component mass ratio and magnitude difference and from the semimajor axis of the orbit.
Therefore we determined with Kepler's third law and the measured mass function, that a parallax of 3.7 ± 0.2 mas would yield values for a 0 consistent with Jancart et al. (2005) and our own analysis. In addition, only in this range would the stellar classes of the primary corresponding to the determined mass (M 1 = 6.2 M ) and absolute magnitude (M V = −2 m .6) match. The secondary, however, is always too massive for being almost 3 mag fainter than the primary. A possible solution to this problem will be discussed later in this paper.
Because both giant B5 and dwarf B3 stars have masses consistent with our results, we adopted the following approach. 
584.
These values corresponds well to a B5 star and to an effective temperature of 14 000 K according to the calibration by Flower (1996) . From the magnitude difference of 2 m .9, one obtains the dereddened visual magnitude of the primary V 
Circumstellar disk
Interferometric signature
The dip in the visibility amplitudes at 660 nm (see Fig. 3 ) is caused by the extended Hα emission around the primary. To visualize this effect for all data from the NPOI channel centered on the Hα line we divided the observed visibility amplitudes by the those predicted with the binary model, which left a single unresolved component and the envelope. (This is an approximation, but because the closure phases are never larger than about 10 degrees and the secondary is almost 3 mag fainter than the primary, it is a good one.) The resulting amplitudes as a function of uv-radius are shown in Fig. 10 .
In order to determine the size of this envelope and any apparent flattening, we used the Hα line profile (Fig. 9 ) to estimate the fraction of Hα emission relative to the continuum in the NPOI spectral channel centered on the line. The line profile was measured with a fiber-fed echelle spectrograph connected to the John S. Hall 1.1-m telescope at the Lowell Observatory. The spectra in the Hα line region were reduced using standard reduction routines developed by Hall et al. (1994) and had a spectral resolving power of 10 000. The equivalent width of the line was measured to be 3.3 nm, or 22% of the width of the NPOI channel containing the line. To correct for the effect of the Hα absorption of the star itself, we estimated an equivalent width of about 0.26 nm, or 1.7% of the NPOI channel based on a stellar atmosphere model with T = 14 000 K and log(g) = 3.8. Therefore the total emission of the disk will be slightly larger, i.e. about 3.6 nm, or 24% of the NPOI channel. It would be possible, as demonstrated by Tycner et al. (2006) , to disentangle the fractional flux contributed by the line to the total flux measured in the channel from the diameter with better data on longer baselines, where the amplitudes should reach asymptotically a value of (1/1.24) 2 = 65% based on our results.
Following Tycner et al. (2006 Tycner et al. ( , 2008 , we adopt a circular Gaussian component representing the disk emission and fit a diameter of 1.9 ± 0.1 mas to (non-divided) the Hα data using the complete model including the binary. The reduced χ 2 r = 3.0 of the fit indicates that substructure exists within the disk that is not fitted by a circular Gaussian component. If we allow an elongation of the component, an axial ratio of 0.6 with the major axis of an ellipse oriented roughly in a north-south direction allows us to improve the fit to χ 2 r = 2.5. However, at this position angle, the axial ratio is only weakly constrained due to the lack of long baselines in east-west direction (see Fig. 1 ). If we assumed instead a position angle of 90 degrees, our data would not allow an axial ratio of less than about 0.8 (χ 2 r = 3.4), corresponding to an inclination of the disk normal to the line of sight of not more than 36 degrees assuming the disk has a narrow opening angle and is itself circular.
The quality of our H α data due to the limits imposed by the uv-coverage and the dilution of the emission with the stellar continuum given the width of the NPOI channel does not allow further conclusions except to say that a nearly face-on disk is consistent with our data. At the same time, a disk aligned with the orbital plane is inconsistent with our observations, unless a very wide disk opening angle is assumed.
Correlated spectroscopic and photometric signatures
As pointed out already by Harmanec (1983) , Be stars usually vary on three distinct time scales: long-term (years to decades), medium (weeks to months), and rapid (less than about two days). The variations on the two shorter time scales are often periodic, related to the binary nature and to the stellar rotation and/or pulsations, respectively. Because all these periods may be present in a particular star, it is necessary to obtain a very dense and complete observational coverage to be able to remove the nonperiodic long-term changes and to search for periodic components of the variations.
o Cas is an example of a Be star with pronounced changes on all these timescales. In Fig. 11 we show a plot of several observed quantities as a function of time: individual photometric observations of the Johnson V magnitude and B − V and U − B indices, and the peak intensity of the Hα emission line. This diagram covers the time interval for which photoelectric observations are available. The color−color diagram for all individual observations for the same time interval is shown in Fig. 12 . It is obvious that the mutual correlation between the emission strength, brightness and colors is rather complicated and obviously governed by at least two different processes.
1. The formation of each new emission-line episode (like the one which occurred around JD 2 439 000) is indicative of the positive correlation between the brightness of the object and the emission strength (Harmanec 1983 (Harmanec , 2000 . In the color−color diagram the object moves from the main sequence towards supergiants. According to Harmanec (1983) this indicates that the inner, optically thick parts of the disk simulate a stellar photosphere which increases its radius. If such a pseudophotosphere is seen not just equator-on but under some smaller angle, it mimics an increase of the luminosity class of the star in the U − B vs. B − V diagram, which is indeed observed. 2. In the time interval between about JD 2 447 000 and 51 000, the increase of the emission strength continues but the brightness of the object started to decrease again. This is not a mere effect of the change of the emission (ratio ∼1.7) due to the continuum change (ratio ∼1.15). This can be qualitatively interpreted as a gradual rarification of the envelope, which becomes more extended but optically thin in continuum, which means that the radius of the pseudophotosphere is decreasing again. A remarkable variation occurs around JD 2 452 000 when the brightness rises again while at the same time both color indices drop sharply (the object gets redder) and the emission strength also decreases temporarily.
In any case, an important finding is that over the whole period of our spectral and interferometric observations, the circumstellar envelope was strong and relatively stable (peak normalized intensities between about 4 and 6-7).
Evidence for phase-locked changes
We attempted to remove the long-term peak-intensity variations from our homogeneous observations with the program HEC13, which is based on a fit via spline functions after Vondrák (1969 Vondrák ( , 1977 2 . After a few experiments, we used the smoothing parameter ε = 1 × 10 −14 through the 20-day moving box-car averaged data points as the optimal choice. A period analysis of the A&A 517, A24 (2010) Fig. 11 . Long-term variations seen in the peak intensity of the Hα emission, the V magnitude of the object, and B − V and U − B colours. Filled circles denote our observations, open circles the Hα peak intensities compiled from the literature, + -Hipparcos photometry, filled squares - Johnson et al. (1966) , open squares -the m 58 photometry, filled triangles (up) -the all-sky UBV photometry by Haupt & Schroll (1974) , filled triangles (down) - Häggkvist & Oja (1966) , filled diamonds - Mendoza (1958) , open diamonds - Crawford (1963) . O-C deviations from this fit clearly indicated the orbital period of 1032 d. The corresponding phase plot is shown in Fig. 13 and seems to indicate a double-wave variation with minima centered on the binary elongations.
Discussion
An important issue we have to address is the contradiction, now confirmed, of a secondary of nearly the same mass as the primary, but which is, however, 3 mag fainter. As already pointed out by Koubský et al. (2004) , the large mass function is inconsistent with the absence of any discernable lines from the secondary. One possibility we will discuss here is the binary nature of the secondary itself. If we adopt an absolute magnitude .05. According to the tabulation by Harmanec (1988) , this corresponds to two early A dwarfs. Their combined mass can easily be something like 5 M , in agreement with our tentative estimate for the mass of the companion in Sect. 3.2. The hypothesis that the companion is a close binary is therefore internally consistent and seems to provide a solution to the problem of its seemingly large mass following from the orbital solution.
As to the size of the secondary binary, all we can say is that it must be unresolved with respect to the interferometric resolution of our observations. A possible example can easily be found in the double star β Aurigae (Hummel et al. 1995) , which consists of two identical A2V components in a circular orbit of about four days period, and with a separation of 0.08 AU. If placed at the distance of o Cas, the apparent separation would be merely 0.3 mas. Only very high-resolution observations with future interferometers would be able to provide confirmation.
A second issue is that if the Hα emission region is formed in a disk, it cannot be coplanar with the orbit as indicated by its nearly circular apparent shape. This conclusion only holds if the disk is assumed to be geometrically thin (as suggested by some studies, see for example the list of references in Sect. 4.1 of Porter & Rivinius 2003) . Otherwise coplanarity would imply a wide opening angle (several tens of degrees) of the circumstellar disk. If we assume the stellar spin axis is orthogonal to the disk plane, the maximum allowed angle of the disk normal to the line of sight of 36 degrees would translate into a rotation speed of 375 km s −1 at the equator derived from the measured v sin i = 220 km s −1 . Note that for the mass of 6.2 M and radius of 8.0 R estimated in Sect. 3.2, the break-up velocity would be 390 km s −1 . Identifying the period of photometric and residual RV variability of 1.257-d with the stellar rotational period would imply an equatorial radius of 9.3 R , which generally agrees with our estimate of 8 R . Though the range of uncertanties is broad, there is a serious possibility that the Be primary is close to the break-up speed. Surface features away from the pole could create the photometric variability, and the radial velocity variation via line profile variations.
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Appendix A: Spectroscopy
Spectroscopic observations at our disposal consist of the following series of electronic spectrograms obtained at Ondřejov and the Dominion Astrophysical Observatory:
1. 23 spectrograms secured in the coude focus of the Ondřejov 2-m telescope and a 702-mm focal length camera with a Reticon 1872RF linear detector. The spectra cover the wavelength region 6300-6730 A with a resolution of 11-12 km s −1 per pixel. 2. 239 spectrograms secured with the same spectrograph configuration but with a SITe-005 800 × 2000 CCD detector covering the region 6260-6760 A. Notes. The Hα peak intensities were measured by HB from the publicly available spectra from the C. Buil Castalet Tolosan Observatory and the BeSS database and from the plots of profiles published by Elias et al. (1978) , Barker (1983) and Andrillat & Fehrenbach (1982) . We adopted the published values from Slettebak & Reynolds (1978) , Slettebak et al. (1992) and Banerjee et al. (2000) .
3. Two echelle spectrograms secured in the Cassegrain focus of the Ondřejov 2-m telescope with the Heros spectrograph (Kaufer 1988 ). 4. 178 DAO spectra obtained with the 1.22-m reflector and a CCD detector by SY and in the robotic mode also by PK. These spectra cover the wavelength region 6150-6750 A with a resolution of 6 km s −1 per pixel. For further details on the DAO 21181 and 9681 spectrographs, readers are referred to Richardson (1968) .
In all cases, calibration arc frames were obtained before and after each stellar frame. During each night, a series of flat field and bias exposures were obtained, usually at the beginning, middle, and the end of the night. These were later averaged for the processing of the stellar data frames. For the 1.8-m data, the exposure times ranged from 15 to 30 min, with S /N between 70 and 150, while for the 1.2 m data exposure times of 20 min were used, giving S /N between 32 and 180.
The initial reduction of Reticon spectra was carried out with the program SPEFO (Horn et al. 1996; Škoda 1996) . We used the most advanced version JK2.63, which was developed by the late Mr. J. Krpata. The initial reductions of the DAO spectra (bias subtraction, flat fielding and conversion to 1D images) were carried out by SY in IRAF. The initial reduction of the Ondřejov CCD and Heros spectra, which included also the wavelength calibration, was carried out by MŠ, also in IRAF. The final reduction of all spectra (including wavelength calibration for the DAO spectra, continuum rectification and removal of cosmics and flaws) was carried in SPEFO by PK and PH. SPEFO was also used to reduce RV measurements via a comparison of direct and flipped line profiles on the computer screen. Following Horn et al. (1996) we routinely measured a selection of telluric lines and used them to calibrate the wavelength scale of each spectrum. Thanks to that, the spectra from all instruments are on the same heliocentric wavelength scale for all practical purposes.
Appendix B: Photometry
Photometric observations listed in Table 2 were secured at several ground-based observatories and during the Hipparcos mission. Below we provide some comments on the individual sets: Pavlovski et al. (1997) and the individual observations were published by Harmanec et al. (1997) . Each season of observations was reduced and carefully transformed into the standard UBV system with the help of the program HEC22. More recent observations were reduced with rel. 16 of the program which allows also modelling of variable extinction during the observing night. All standard magnitude differences were added to the following UBV magnitudes of HR 189
which were derived from all-sky observations on good nights over many observing seasons. The secular constancy of the comparison and check stars as well as the quality of our seasonal transformation to the standard system is documented by the seasonal differential and all-sky UBV magnitudes of the check star HR 289 collected in Table B. 1.
-Station 61: Hipparcos satellite The photometric broadband
H p all-sky observations from the deck of the Hipparcos satellite were transformed to the Johnson V magnitude via transformation formulae derived by Harmanec (1998) . All observations with error flags larger than 1 were excluded. -Station 30: San Pedro Mártir These all-sky observations were originally secured in the 13-color system. Seven m 58 measurements from Mitchell & Johnson (1969) and Schuster & Guichard (1984) , derived in the "red system", were adopted to represent the V magnitude without transformation. All-sky UBV observations compiled from the literature are tabulated in Table B .2, the m 58 observations in Table B .3, and the Hipparcos H p observations transformed to Johnson V magnitude are in Table B .4. We derived HJDs of observations in all cases when they were not given in the original sources. All individual UBV observations secured since 1982 at Hvar are presented in detail in Table B .5. Pavlovski et al. (1997); Harmanec et al. (1997) 
